Two hundred young adults with common colds were studied during a 10-month period. Virus culture, antigen detection, PCR, and serology with paired samples were used to identify the infection. Viral etiology was established for 138 of the 200 patients (69%). Rhinoviruses were detected in 105 patients, coronavirus OC43 or 229E infection was detected in 17, influenza A or B virus was detected in 12, and single infections with parainfluenza virus, respiratory syncytial virus, adenovirus, and enterovirus were found in 14 patients. Evidence for bacterial infection was found in seven patients. Four patients had a rise in antibodies against Chlamydia pneumoniae, one had a rise in antibodies against Haemophilus influenzae, one had a rise in antibodies against Streptococcus pneumoniae, and one had immunoglobulin M antibodies against Mycoplasma pneumoniae. The results show that although approximately 50% of episodes of the common cold were caused by rhinoviruses, the etiology can vary depending on the epidemiological situation with regard to circulating viruses. Bacterial infections were rare, supporting the concept that the common cold is almost exclusively a viral disease.
Large studies, such as the Tecumseh Study, the Seattle Virus Watch, and the New York Virus Watch, performed during the 1960s clarified the crucial role of viruses in acute respiratory illness (23) . Rhinoviruses were shown to be major causative agents in mild upper respiratory illness (the common cold), although the percentage of rhinoviruses detected in disease episodes was approximately 25% in the early studies (17) . Rhinoviruses have been recently estimated to cause 34% of all respiratory illnesses (23) . With the exception of coronaviruses, the proportion of other identified agents has been small, and in most studies the causative agent has not been identified in up to 50% of cases. Since there are several prospects for antiviral chemotherapy and new treatments for the common cold, investigation of the etiology of the disease is of importance. The present policy for treatment of the common cold should also be evaluated in view of the causative agents, since in the United States antibiotics are prescribed for 60% of patients (22) .
Although during the past two decades methods for virological diagnostics have greatly improved, no recent prospective study of the etiology of the common cold has been published. Most clinical trials dealing with therapy have not employed extensive testing of viruses causing the disease, which weakens their value (25) . In order to optimize microbial detection, we have employed several virological and bacteriological methods to study 200 young adults with symptoms and signs of the common cold.
MATERIALS AND METHODS
Study population and clinical samples. Between October 1994 and November 1995, 200 young adults-mostly students from the University of Turku-were enrolled in the study. A study office was established at the Turku University Hospital, which patients contacted within 24 to 48 h after the onset of symptoms of the common cold. For inclusion in the study, patients had to self-diagnose the common cold based on their earlier experience of symptoms. In addition, clinical evidence of acute rhinorrhea, nasal congestion, and/or sore throat was confirmed by the study physician. Patients with tonsillitis and with previous histories of allergic rhinitis, any chronic illness, or use of regular medication were excluded. One study physician (T.P.) and one nurse examined all the patients participating in the study. The patients were all Caucasian. The mean age of the patients was 24.0 years for male students (n ϭ 59) and 24.1 years for female students (n ϭ 141). The study protocol was accepted by the ethical committee of the Turku University Hospital. A written informed consent was obtained from each patient.
At the first visit, a nasopharyngeal aspirate was collected with a disposable mucus extractor from all the patients. Disposable plastic gloves were used, and all surfaces were wiped with disinfectant to avoid possible contamination among the patients. Three sterile cotton swabs were dipped into the mucus, and these were then placed in separate viral transport medium tubes (0.5% bovine serum albumin and antibiotics in tryptose phosphate broth) for PCR assay and virus culture. The rest of the mucus was used for virus antigen detection. All virus culture tubes were immediately frozen at Ϫ70°C prior to subsequent processing. A blood sample was collected for serological analyses. The patients returned on day 7, when a new nasopharyngeal aspirate was taken. The final visit was on day 21, when the second blood sample was taken.
Virus antigen detection, serology, and isolation. Viral antigens were detected by time-resolved fluoroimmunoassay for seven common respiratory viruses (adenovirus; respiratory syncytial virus [RSV]; parainfluenza virus types 1, 2, and 3; and influenza A and B viruses) as described previously (5) . Serology for the same viruses was done with antigens prepared at the Department of Virology, University of Turku, by an enzyme immunoassay (EIA) as described previously (20) .
For measuring coronavirus antibodies, crude EIA antigens (microsomal fraction) were prepared from coronavirus OC43-and 229E-infected cells and uninfected control antigen RD cells (human embryonal rhabdomyosarcoma cells) as described for mouse brain homogenate (13) . Seeds for virus and cells (originally from the American Type Culture Collection) were kindly provided by K. Holmes (University of Health Sciences, Bethesda, Md.). Microtiter plates with 96 wells (Maxisorb; Nunc, Roskilde, Denmark) were coated with each of the antigens (2.5 g/ml) and used in a standard single-dilution (1:200) EIA procedure with the sera in duplicate. Known positive and negative sera were used to control interassay variation. Criteria for a significant increase or decrease between the titers were determined in advance, and a twofold-or-greater difference in specific absorbances of paired sera was found to be a reliable marker. Assay of serial dilutions of the paired sera was used to clarify equivocal results.
Virus culture was done by using the Ohio strain of HeLa cells and human foreskin fibroblasts according to routine procedure as described previously (1) . Cell cultures exhibiting cytopathogenic effect were passaged once, and the supernatant of the cell culture fluid was further tested by antigen detection. Those samples positive by virus culture but negative by rhinovirus PCR were tested for acid lability.
Rhinovirus reverse transcription-PCR.
Nucleic acids were isolated from the nasopharyngeal samples by using proteinase K-sodium dodecyl sulfate treatment followed by phenol extraction and ethanol precipitation. For detection of rhinoviruses, two reverse transcription-PCR assays were used (16) . The first one utilizes primers from the conserved 5Ј noncoding region and the VP2 capsid protein coding region of the viral genome (3), while the other test uses two primers from the 5Ј noncoding region (10, 15) .
Bacterial culture and antibody assays. For detection of beta-hemolytic streptococci, swabs dipped into nasopharyngeal mucus were inoculated onto blood agar plates and incubated for 24 h in an atmosphere of 5% carbon dioxide at 37°C. Those plates showing uncertain growth were incubated another 24 h.
Immunoglobulin G (IgG) antibodies to pneumococcal pneumolysin and Cpolysaccharide were measured by EIA as described earlier, and a twofold-orhigher rise in antibody levels between paired sera was considered diagnostic (18) . Antibodies to nontypeable Haemophilus influenzae and Moraxella catarrhalis were measured by EIA using whole bacterial cell antigen (a mixture of 10 different strains), and a threefold-or-higher antibody rise between paired sera was considered diagnostic for acute infection (6) . IgG and IgM antibodies to chlamydial species were measured by a microimmunofluorescence method by using elementary bodies of Chlamydia pneumoniae Kajaani 7 and Chlamydia trachomatis 1.2 as antigens as described elsewhere (7), except that the sera were incubated overnight. The presence of IgM antibodies and/or a fourfold-orgreater change in antibody levels between paired sera was considered diagnostic for acute chlamydial infection. These antibody assays have been successfully used in the etiological diagnosis of pneumonia in children both in industrialized and developing countries (28, 29) .
Mycoplasma IgM antibodies from the second serum samples taken on day 21 were measured with a commercial kit (Platelia; Sanofi Diagnostics Pasteur S.A., Marnes la Coquette, France) routinely used in our virology laboratory.
RESULTS
Virological findings. Evidence for virus infection was found in 138 of the 200 patients (69%). Rhinovirus was found in 105 patients (52.5%) by virus culture or PCR. The percentage of rhinoviruses was the same in both males and females. Overall, results by virus culture and PCR had a high level of agreement: 78% of the PCR-positive samples were also culture positive (80 of 103 patients). Coronaviruses were the second most common group of causative agents and were detected in 17 patients by serology. A total of 12 patients had influenza A or B virus infection (Table 1) .
In addition to the 80 patients culture-positive for rhinoviruses, 11 nasopharyngeal-aspirate samples were positive by virus culture. Three cases of influenza A were detected by serology only, whereas the other seven patients were positive by antigen detection, culture, or serology. For the other respiratory viruses, five patients remained negative by culture or antigen detection but paired serum antibodies showed a rise. In addition, coronaviruses were detected by serology only. Taken together, virus culture was positive for the respiratory viruses in 91 cases (45.5%), virus antigen detection gave positive results in 17 cases (8.5%), and serology gave a diagnosis for 39 patients (19.5%) ( Table 1) .
Evidence of a double viral infection was found in 10 patients. Of these patients, three had both rhinovirus and coronavirus OC43, two had rhinovirus and influenza A virus, two had rhinovirus and parainfluenza virus type 2, one had rhinovirus and adenovirus, one had rhinovirus and influenza B virus, and one had rhinovirus and enterovirus infections. Figure 1a shows the number of virus infections detected monthly and the total number of recruited patients. Figure 1b presents numbers of rhino-and coronavirus infections detected in the study population. An outbreak of rhinoviruses occurred in the fall, when 92% (33 of 36) of the patients recruited into the study had rhinovirus infections. Figure 1c shows the epidemiology of other respiratory viruses in the community during the study period. Influenza A and B virus infections peaked in March, followed by parainfluenza virus type 3 infections in April and RSV infections in May. Adenoviruses were endemic.
Bacteriological findings. Serological assays suggested bacterial infections in seven patients. Of these, four patients had a rise in IgG antibodies against C. pneumoniae; three of these patients were also rhinovirus positive, and one patient was positive for both rhino-and coronaviruses. One patient had a rise in antibodies against Streptococcus pneumoniae, one patient had a rise in antibodies against both H. influenzae and coronavirus, and one patient had serological evidence of both mycoplasma and coronavirus infections. None of the patients had beta-hemolytic group A Streptococcus in their nasopharynges.
For monitoring complications of the common cold, patients were examined clinically on days 1, 7, and 21 and according to the patients' need. One patient had acute otitis media and was treated with antibiotics. This patient had a serological rise in antibodies against H. influenzae and coronavirus. Three patients received antibiotics for urinary tract infections, and one patient received antibiotics for prophylaxis after a dental operation during days 7 to 21. With the exception of these five patients, all recovered uneventfully without antibiotics, including those patients with a serological indication of bacterial infection.
DISCUSSION
Viral etiology of the common cold was demonstrated for 69% of the 200 patients included in this study. In large respiratory virus studies carried out in the 1960s, the causative agent was detected in 22 to 30% of the patients with acute respiratory symptoms (23, 24) . Surprisingly, there have been no recent investigations using modern virological techniques lasting long enough to cover several virus outbreaks. We recruited patients for 10 months. This period included outbreaks of five different respiratory viruses (Fig. 1 ). Patients were not admitted to the study during June, July, and August, which are summer holiday months in Finland and in which only a few respiratory infections occur.
This study shows that in addition to virus culture, serology and PCR techniques are needed to detect the maximal number of infections. Although virus culture remains the "gold standard" (yield, 45.5% with only two cell lines), more sensitive PCR methods, especially for rhinoviruses (yield, 51.5%), are increasingly used in routine diagnostics. Interestingly, the rapid test for seven different virus antigens was positive for only 9% of the patients. This observation agrees with earlier studies with adults (14, 21) . For children, virus antigen detection is often the method of choice (12, 26) . Virus antigen tests are sensitive for RSV and adenoviruses, which are common in young children but rare in adults, as seen also in this study (12, 27) . Another factor contributing to the low yield of antigenpositive samples may be that adults shed less virus than children (8, 23) .
Rhinoviruses were the causative agent of the common cold in half of the cases in this investigation. During the 2-month outbreak during the fall, 92% of the patients had rhinovirusinduced illness. This observation agrees with results of a recent study, in which rhinovirus was detected in 276 of 346 (80%) common-cold patients during a 4-month epidemic fall season (4). Herzog and coworkers detected rhinoviruses in 55% of 122 patients with acute upper respiratory tract infections (11) . Although rhinoviruses are the most common cause of the common cold, it must be stressed that almost half of the cases are caused by other viruses. We detected rhinoviruses, RSVs, influenza A viruses, adenoviruses, and parainfluenza type 3 viruses circulating in the community at the same time (Fig. 1c) . These infections are often clinically indistinguishable in adults. This observation emphasizes the need to identify the specific virus in studies of specific antivirals.
We studied bacterial cultures performed with nasopharyngeal samples for beta-hemolytic streptococci and serologic responses for five additional bacteria. None of the patients had beta-hemolytic group A Streptococcus in their nasopharynges. Interestingly, we found serological evidence of concomitant bacterial infection in seven patients. One of them, with H. influenzae infection, developed acute otitis media. The other patients, with infections with S. pneumoniae (n ϭ 1), Mycoplasma pneumoniae (n ϭ 1), and C. pneumoniae (n ϭ 4), recovered similarly to other common-cold patients without antibiotics. Recently, Kaiser et al. suggested that nasopharyngeal carriage of H. influenzae, M. catarrhalis, or S. pneumoniae (in 20% of their patients) would indicate a bacterial infection in patients with symptoms and signs of the common cold (19) . In these patients, antibiotic treatment shortened the duration of symptoms compared to the duration for culture-negative patients. By using serological techniques (6, 7, 18) , we found evidence for these infections in only 1% of our patients. Even those common-cold patients who may have bacterial coinfection seem to recover uneventfully without antibiotic treatment. Radiologically confirmed sinusitis is part of the normal clinical course of the common cold (9) . A recent study showed that 77% of the patients with acute maxillary sinusitis improved substantially when they took a placebo. Amoxicillin did not influence the clinical course of rhinosinusitis (30) . These findings agree with earlier studies showing that antibiotic treat- ment of the common cold is not beneficial. In spite of that, it has been shown that up to 60% of patients with common colds receive an antibiotic, which results in an estimated cost of $37.5 million per year in the United States (22) . This treatment policy results in problems not only with the cost but, even more importantly, also with emerging antibiotic resistance of bacteria. An Icelandic study showed an obvious association of antibiotic use in the community with the prevalence of penicillinresistant pneumococci (2) .
Even though we used a large battery of diagnostic tests, there are some limitations to our study. To optimize the cost/ benefit ratio of virus isolation, patient samples were inoculated into two cell lines which pick up rhinoviruses well but other respiratory viruses only moderately. By using the best available cell line for each virus, it would be possible to reach an even higher yield of virus-positive cultures. Moreover, PCR techniques are often more sensitive than the conventional virus culture method for detection of microbes and PCR could be used for other viruses as well.
In routine clinical practice, there is no need to do etiological diagnosis of the common cold. The price is too high (in this study, $700/patient), and, except in the case of the rapid influenza A test, the results may not change the treatment. The implications of this study, nevertheless, are clear. The common cold is a viral illness for which the etiology can be shown in most cases. Bacterial coinfections are very rare. Antibiotic treatment is not necessary in otherwise healthy young adults with common colds.
